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INTRODUCTION
Preterm birth with very low birth weight is a
relevant risk factor both biologically and
psychosocially in child development1,2. Neonates are
exposed to extra-uterine life before their
physiological functions are mature enough to face
the demands of the external environment.  As part
of the life-saving care in Neonatal Intensive Care
Units (NICU), preterm and very low birth weight
infants experience multiple stressors in the neonatal
period, such as extended exposure to light and
noise, acute and chronic i l lness, maternal
separation, painful invasive procedures, excessive
handling, and multiple medications3,4. These events
occur during a sensitive and optimal time for brain
development and neuronal differentiation5-7.
Children who are born preterm are more
vulnerable to a range of problems related to
cognition8-10, attention8,9,11,12, learning10,11,13, and
behavioral outcomes8,14. Specially, the assessments
of the behaviors of children who are born preterm
in comparison to children who are born full-term
show the following main results: in toddlerhood,
children who are born preterm exhibit more somatic
complaints15, emotional symptoms, hyperactivity,
DOI: http://dx.doi.org/10.7322/jhgd.103750
conduct problems and peer relationship problems16;
in the preschool years, children who are born
preterm exhibit more withdrawn behaviors, thinking
problems, somatic complaints, attention problems,
delinquent behavior, aggressive behavior, social
problems17, emotional problems, conduct problems,
hyperactivity and peer relations problems14; during
the school-aged years, children who are born
preterm exhibit more somatic complaints, attention
problems, hyperactivity and immature adaptive
skills18. Otherwise, little is known about the etiology
of these difficulties19.
Studies of preterm infants should focus on
the complex mechanisms involved in the interplay
between personal and environmental factors. Child
temperament and self-regulation abilities, as well
as the quality of family interactions and peer
relationships, participate in transactional processes
and are “key mechanisms” in the etiology of
behavior problems20-22.
Self-regulation is a fundamental core domain
of the major construct of temperament, accor-
ding to Rothbart’s psychobiological theoretical
approach23. Temperament is a constitutionally based
individual difference in reactivity and self-regulation
mechanisms that appear early in life and are
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influenced over time by heredity, maturation, and
experience24,25. Constitution refers to biologically
based characteristic, with the individual’s relatively
enduring biological composition influenced over time
by both genes and the environment. Reactivity
refers to characteristics of the individual’s
responsivity to changes in stimulation shown at
multiple levels (e.g., behavioral, autonomic,
neuroendocrine) and through the parameters of
latency, rise time, peak intensity, and recovery time.
Self-regulation refers to processes modulating this
reactivity, including approach, avoidance, inhibition,
and attentional self-regulation26,27.
The structure of temperament includes
the following three main factors: Negative affectivity,
Surgency, and Effortful control28. In the Negative
affectivity factor, the newborns shows relatively
undifferentiated distress, but later it is possible to
differentiate anger/frustration from fear. Infants
expressed frustration by banging on the table or
barrier and showing distress. They expressed fear
by showing distress along with motor inhibition or
withdrawal from a threatening object. Additionally,
the Surgency temperament factor combines a
disposition toward the positive emotions, rapid
approach to potential rewards, and high activity level
in a construct very similar to, and in adults, positively
related to the personality factor of extraversion.
Finally, voluntary attentional focusing, inhibitory
control, perceptual sensitivity, and low-intensity
pleasure dimensions compose the Effortful control
factor, which emerge at preschool age and develop
throughout school age and early adolescent phases.
The preterm infants present poor physiolo-
gical, emotional, attentional, and behavioral
regulation, from the neonatal phase through the
preschool years29. Additionally, the study of Klein et
al.30 showed that preterm neonates‘ biobehavioral
reactivity-regulation responses during a painful
procedure (e.g. puncture for blood collection) in NICU
predict temperament profiles later in toddlerhood.
To better understand the development of the
regulation process of preterm infants, one must take
into account the relationship of prematurity and
child temperament with later behavioral outcomes.
Our hypothesis is that increased risk factors in the
neonatal phase of infants who are born preterm
associated with temperamental traits with higher
negative affectivity and surgency, and lower effortful
control on toddlerhood would predict later behavior
externalizing and internalizing problems during the
preschool years of age.
The aim of the present study was to examine
longitudinally whether neonatal characteristics of
infants who are born preterm and very low birth
weight, as well as temperament assessed in
toddlerhood, affect the self-regulation process,
predicting later behavior problems during the
preschool years.
METHODS
Participants
The sample was composed of 21 children who
were born preterm (< 37 weeks of gestational age)
and with very low birth weight (< 1,500 grams),
who were assessed longitudinally at different three
time points: as infants, toddlers, and preschoolers.
Preterm infants were recruited from the NICU at a
tertiary teaching hospital in an interior city in the
southwest of a developing country. Neonates who
had major congenital anomalies, and
intraventricular hemorrhage (grade III/IV) were
excluded. These children were subsequently
followed longitudinally until preschool.
Forty-four preterm and very low birth weight
neonates were recruited and assessed during the
neonatal period. Due to health complications, five
infants died during the neonatal period, and one
additional participant died at toddlerhood. Of the 38
toddlers remaining, eight moved to live in other cities
and could not be found, one mother had lost legal
custody of her child, one mother was in a
rehabilitation clinic for drug addiction, and two
mothers did not consent to continue participating in
the study. Thus, 26 children were assessed at
toddlerhood, which represents 68% of the original
eligible sample. Later, of these 26 children, five could
not be found for assessment at the preschool age;
the loss of the eligible sample in this phase was 19%.
The final sample of the study was composed
of 21 children (13 boys) who were assessed in the
neonatal, toddler (mean chronological age = 26
months; SD ± 3.8; range 18 - 32), and preschool
phases (mean chronological age = 42 months;
SD ± 4.7; range 37 - 50).
Ethical Procedures
The study was approved by the Clinical
Research Ethics Board of the hospital, and informed
consent was obtained in all phases of the study.
Setting
Assessments at the neonatal phase were
conducted in the NICU setting, and assessments at
the toddler and preschool age were completed at
the Follow-up of Premature Infants Program in the
hospital.
Measures and Procedures
Neonatal Assessments. Prospective review
of medical charts was performed independently by
expert and trained physicians for collection of the
following data: (a) infant characteristics, such as
gestational age at birth, birth weight, and Apgar
score at fifth-minute of post-natal age; (b) neonatal
illness severity, which was estimated by computing
the Clinical Risk Index for Babies (CRIB) score31.
The CRIB was developed to predict the risk of
mortality and morbidity in neonates based on birth
weight, gestational age, presence or absence of
congenital malformations, worst base excess and
minimum and maximum appropriate fraction of
inspired oxygen during the first 12 hours of post-
natal age; (c) amount of pain exposure during NICU
stay, computed as the number of invasive painful
procedures as obtained through prospective review
of medical charts performed independently by
physician researchers who were blind to all of the
neonate’s other characteristics. The frequency of
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exposure to the following procedures from birth to
discharge from the NICU was summed from the
following items: venipuncture, arterial puncture,
heel-lance, intravenous cannulation, endotracheal
tube introduction, endotracheal tube suctioning, and
gavage insertion for feeding. These acute painful
procedures were selected based on the procedures
included in the study by Johnston et al.32.
Toddlerhood Assessments. When the
children were between 18 and 32 months of age,
the mothers were invited to participate by phone
or mail, or at medical appointments in the Pediatrics
Clinic of the hospital. The child’s temperament and
the socioeconomic status of the family were
assessed using the mother’s report. Data collection
was performed in an individual interview by an
expert researcher who was blind to the child’s
neonatal health history. Mothers were interviewed
using The Early Childhood Behavior Questionnaire
– ECBQ33, Brazilian version by Klein and Linhares
(http://www.bowdoin.edu/~sputnam/rothbart-
temperament-quest ionnaires/ instrument-
descriptions/early-childhood-behavior.html), for
assessment of child temperament. This instrument
is composed of 201 items that assess 18 dimensions
of temperament in children between the ages of 18
and 36 months. Factor analysis revealed a three-
factor structure of  Negative Affectivity, including
six scales (Soothability Negatively Loaded,
Frustration, Discomfort, Motor Activation, Fear,
Sadness), Surgency, including seven scales
(Sociability, Activity level, Impulsivity, Positive
Anticipation and High Intensity Pleasure), and
Effortful Control, including five scales (Low Intensity
Pleasure, Attention Shifting, Attention Focusing,
Inhibitory Control and Cuddliness). Parents were
asked to rate the frequency of specific
temperament-related behaviors observed over the
past two weeks in an ordinal scale ranging from 1
(“never”) to 7 (“always”).  Putnam et al.33 reported
internal consistency of these scales ranging from
0.57 to 0.90 (standard α = 0.81) and inter-rater
agreement ranging from 0.09 to .57 (average
r = 0.39). The internal consistency of the scales in
a Brazilian sample, which included the sample of
the present study, ranged from 0.43 to 0.88
(average α = 0.72)34. Additionally, the mothers
completed the Brazilian Criteria for Economic
Classification- Brazilian Association of Research
Companies (CCEB-ABEP), for the socioeconomic
status assessment35. This questionnaire included
items such as family income, parents’ educational
level, number of people living in the same house,
and number of cars, refrigerators, and televisions
per family. This tool provides a score to characterize
the socioeconomic status of the families.
Preschool Assessments. When the
children were between 37 and 50 months of age,
behavior problems were assessed by the mothers’
report at the preschool age.  Mothers were
interviewed through The Child Behavior Checklist
for Ages 1.5-5 - CBCL 1.5-536, using the Brazilian
version by Linhares, Santa Maria-Mengel, Silvares,
and Rocha. The CBCL is a child behavior checklist
that utilizes parents’ reports and is appropriate
for children between 18 months and 5 years old.
The respondent is asked to rate 99 problem items
about the child as “0” (zero) for “not true,” “1” for
“somewhat or sometimes true,” and “2” for “very
true or often true,” based on the preceding two
months. Item scores are summed and then
converted to normalize T- scores36. Higher scores
represent more deviant behavior. The CBCL
consists of seven Syndrome Scale Scores for boys
and girls, which are grouped into two broad
Syndromes: 1) Internalizing, including Emotionally
Reactive, Anxious/Depressed, Somatic Complaints,
and Withdrawn; 2) Externalizing, including
Attention Problems and Aggressive Behavior.  The
syndrome scale Sleep Problems is analyzed
independently. The T-scores < 65 fit in the Normal
classification, scores between 65 and 70 fit in the
Borderline classification, and scores > 70 fit in the
Clinical classification.
Statistical treatment
The Statistical Package for the Social Sciences
(SPSS, version 19.0, Chicago, IL, USA) was used
for data analysis. The statistical treatment followed
four steps: (1) the Kolmogorov-Smirnov test was
used to examine the normality of the variable
distributions; (2) considering that the variables
exhibited normal distribution, we calculated
Pearson’s Correlation Coefficient between neonatal
characteristics, temperament at toddlerhood and
behavior problems at the preschool age; (3) the
multicolinearity between neonatal characteristics
and temperament assessed at toddlerhood was
tested; (4) linear regression analyses were
conducted to examine whether the neonatal
characteristics and temperament at toddlerhood
predicted behavior problems at the preschool age
(predictive variable). In each regression model,
considering the number of participants, we tested
the maximum amount of four predictors for each
predictive behavior problem variable. Only the
predictor variables that presented statistically
significant correlations with the predictive variables
were included in the regression models. The
statistical significance level for all the tests in the
present study was set at p < 0.05.
RESULTS
The characteristics of the participants are
presented in Table 1.
As seen in Table 1, the neonates were born
very preterm, with a mean gestational age of 30
weeks at birth and an average birth weight of 1,062
grams. The Apgar at 5th minute and the CRIB score
revealed favorable prognosis for clinical progress.
The time spent in the NICU was one month on
average, and length of total hospital stay was
approximately two months on average. The infants
were exposed to an average of 96 painful procedures
during hospitalization in the NICU and 106 painful
procedures during their total hospital stay; thus,
most of the painful procedures occurred during the
NICU period. The majority of the families were of
low socioeconomic status based on parents’
education level and family’s annual income.
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Table 1: Characteristics of the sample
Characteristics of the children and their families Values
Children at neonatal phase – M (SD)
Birth weight (grams) 1,062 (± 229)
Gestational age (weeks) 30 (± 1.8)
Apgar at 5th min (score) 8 (± 1.8)
Clinical Risk Index for Babies (score) 4 (± 3.2)
Duration of mechanical ventilation (days) 3.6 (± 2)
Time stay in NICU (days) 26 (± 18)
Time stay in hospital (days) 60 (± 16)
Number of painful procedures in NICU 96 (± 93)
Number of painful procedures in the hospital stay 106 (± 92)
Family characteristics
Mothers’ age at delivery (years) - M (SD) 29 (± 8)
Mothers’ schooling (years) - M (SD) 7 (± 3.7)
Fathers’ schooling (years) - M (SD) 7 (± 3.6)
Socio-economic status (CCEB-ABEP) - Frequency (%)
Level C 14 (65)
Level D 6 (30)
Level B 1 (5)
Marital status - Frequency (%)
Married/ Cohabitating 14 (66)
Single 7 (34)
Note: CCEB-ABEP = Brazilian Criteria for Economic Classification- Brazilian Association of Research
Companies; NICU = Neonatal Intensive Care Unit; M = Mean; SD = Standard Deviation.
Table 2: Temperament factors and dimensions of children at toddlerhood
Temperament Factors and Dimensions (ECBQ) M (SD)
Negative Affectivity 3.3 (±0.7)
Soothability 4.3 (±0.3)
Frustration 3.8 (±1.2)
Discomfort 3.3 (±0.9)
Motor Activation 3.0 (±1.0)
Fear 3.0 (±1.3)
Sadness 2.8 (±1.0)
Shyness 3.0 (±1.5)
Perceptual Sensitivity 6.0 (±1.0)
Surgency 5.5 (±0.5)
Sociability 6.0 (±1.2)
Activity level 5.6 (±0.9)
Impulsivity 5.5 (±0.8)
Positive Anticipation 5.3 (±1.2)
High Intensity Pleasure 5 (±1.1)
Effortful Control 4.4 (±0.7)
Low Intensity Pleasure 5.4 (±0.8)
Attention Shifting 5.3 (±1.1)
Cuddliness 4.7 (±1.4)
Attention Focusing 3.5 (±1.2)
Inhibitory Control 3.3 (±1.6)
Note: ECBQ = The Early Childhood Behavior Questionnaire, range scores from 1 to 7; M = Mean; SD = Standard
Deviation.
Temperament at toddlerhood
As shown in Table 2, the temperament
assessment in toddlerhood showed that the children
who were born preterm presented high average
scores (> 5) on the Surgency factor and its
dimensions (Sociability, Activity Level, Impulsivity,
Positive Anticipation, and High Intensity Pleasure)
and on Low Intensity Pleasure, Attention Shifting,
and Perceptual Sensitivity. No statistically significant
correlations between the ECBQ temperament scores
and chronological age of the toddlers were found.
Behavior problems at the preschool age
Table 3 shows that, according to the mothers’
reports, the children who were born preterm
exhibited high T-scores in the internalizing
syndromes axis at the preschool age. Thirty-three
per cent of children were classified as scoring within
the clinical range. Regarding the internalizing axis,
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Anxious/Depressed and Somatic Complaints were
the syndrome scales with higher scores. However,
concerning the Externalizing axis, 27% of children
were in the clinical score range. Attention Problems
was the syndrome scale with the highest score, with
12% of children falling within the clinical range.
Table 3: Behavioral outcomes of children at the preschool age
Behavior Problems T- Score Clinical Classification
(CBCL 1.5-5) M (SD) %
Total Problems 56 (± 11) 27
Externalizing Problems 54 (± 12) 27
Aggressive Behavior 57 (± 9) 10
Attention Problems 58 (± 8) 12
Internalizing Problems 57 (± 10) 33
Anxious/Depressed 59 (± 8) 21
Emotionally Reactive 56 (± 7) 6
Withdrawn 56 (± 8) 9
Somatic Complaints 60 (± 8) 15
Sleep Problems 54 (± 8) 6
Note: CBCL 1 ½ -5 = The Child Behavior Checklist; T-score classifications, < 65 = Normal; T- score > 65 e
< 70 = Borderline; T- score > 70 = Clinical; M = Mean; SD = Standard Deviation.
Neonatal characteristics and temperament at
the toddlerhood as predictors of behavior
problems at the preschool age
Two sets of variables were included as
predictor variables of behavior problems of children
at the preschool age, as follows: (1) neonatal
characteristics (gestational age, birth weight,
neonatal clinical severity of illness, and the number
Table 4: Predictive models of behavior outcomes of children at the preschool age (CBCL 1 ½ -5 T- Scores,
Total Problems, Externalizing, and Internalizing)
Predictor variables Predictive VariableNeonatal characteristics Behavior Problems              Coefficientsand Temperament at (CBCL½ -5)toddlerhood (ECBQ) B SE B β p
Total Problems
Birth weight -0.02 0.01 -0.37 0.03
4.47 1.60 0.42 0.01
Motor Activation (NA) 4.06 1.80 0.34 0.04
Activity Level (S)
Externalmizing Problems
Birth weight -0.02 0.01 -0.36 0.05
Positive Anticipation (S) 3.50 1.80 0.34 0.06
Inhibitory Control (EC) -2.90 1.30 -0.40 0.03
 Internalizing Problems
Motor Activation (NA) 5.20 1.50 0.52 0.002
Activity Level (S) 5.40 1.60 0.50 0.003
Note: R2 = variance; B = Coefficient of Regression; SE B = Standard error; β = Standard Coefficient of Regression;
NA = Negative Affectivity; S = Surgency; EC = Effortful Control.
of painful procedures in the NICU); (2) the
temperament factors and dimensions assessed at
toddlerhood.
As shown in Table 4, lower birth weight
(β = -0.37; p = 0.03) and higher scores of motor
activation (β = 0.42; p = 0.01) and activity level
(β = 0.34; p = 0.04) at toddlerhood predicted higher
scores in the CBCL total problems at the preschool
age, accounting for 58% of the variance (p = 0.0001).
The sociability and positive anticipation temperament
dimensions were excluded from the model because
they did not increase the statistical significance of the
model.
Lower birth weight (β = -0.36; p = 0.05), lower
scores of inhibitory control (β = -0.40; p = 0.03), and
higher scores of positive anticipation (β = 0.34;
p = 0.06) at toddlerhood predicted higher scores in
externalizing problems at the preschool age.  This
model accounted for 45% of the variance in the
predictive variable (p = 0.004). The activity level
temperament dimension was excluded from the model
because it did not increase the statistical significance
of the model. Otherwise, higher scores in motor
activation (β = 0.52; p = 0.002) and activity level
(β = 0.50; p = 0.003) at toddlerhood predicted higher
scores in internalizing behavior problems at the
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preschool age, accounting for 58% of the variance in
the predictive variable (p = 0.0001). The birth weight
variable was excluded from the model because it did
not increase the statistical significance of the model.
 As shown in Table 5, lower birth weight
(β = -0.51; p = 0.009) and higher scores on the
temperament dimension of activity level (β = 0.36;
p = 0.05) at toddlerhood specifically predicted
higher scores in attention problems at the preschool
age, accounting for 44% of the variance
(p > 0.002). The temperament dimensions of
positive anticipation and motor activation were
excluded from the model because they did not
increase the statistical significance of the model.
Higher scores on the temperament dimension
of positive anticipation (β = 0.52; p = 0.006) and
lower scores in sociability (β = -0.44; p = 0.02)
were predictors of higher scores in aggressive
behavior. This model accounted for 46% of the
observed variance (p = 0.002). Moreover, lower
birth weight (β = -0.61; p = 0.001) and lower scores
in impulsivity (β = -0.42; p = 0.005) at toddlerhood
were predictors of higher scores in emotionally
reactivity at the preschool age, accounting for 54%
of the variance (p = 0.0001). Neonatal clinical illness
risk was excluded from the model because it did
not increase the statistical significance of the model.
Higher scores in motor activation (β = 0.42;
p = 0.05) and positive anticipation (β = 0.37;
p = 0.08) at toddlerhood predicted higher scores
in anxious/depressed symptoms at the preschool
age. This model accounted for 38% of the variance
(p = 0.005). Higher scores in motor activation
(β = 0.39; p = 0.06) and lower scores in cuddliness
(β = -0.37; p = 0.07) predicted higher scores in
somatic complaints.  This set of variables explained
26% of the variance (p = 0.02).
Higher scores in activity level (β = 0.44;
p = 0.02) and lower scores in sociabil ity
(β = -0.45; p = 0.02) predicted higher T-scores in
withdrawn behavior, accounting for 35% of the
variance (p = 0.008). The sleep problems were
predicted by low birth weight (β = -0.37; p = 0.03)
and low scores in sociability in toddlerhood
(β = -0.59; p = 0.001). Altogether, these variables
explained 60% of the observed variance in sleep
problems at the preschool age (p = 0.0001).
Neonatal clinical illness risk (CRIB score), fear,
negative affectivity and motor activation were
excluded from the model because they did not
increase the statistical significance of the model.
DISCUSSION
To our knowledge, the current study is the
first to address whether characteristics of the
neonatal phase of preterm and low birth weight
infants that are associated with temperament at
toddlerhood have a later impact on children’s
behavior during the preschool years. Our findings
showed that both neonatal characteristics and
temperament in toddlerhood influence the pathway
of behavior problems in this sample of children born
preterm at preschool age. Focusing on the impact
of the neonatal characteristics in the prediction of
behavior problems, we found that birth weight
accounted for behavior problems at the preschool
age. Neonates with lower birth weight, who
consequently had higher clinical illness severity,
Table 5: Predictive models of behavior outcomes of children at the preschool age (CBCL 1 ½ - 5 T -
Scores, Attention Problems, Aggressive Behavior, Emotionally Reactive, Anxious/ Depressed, Withdrawn,
Somatic Complaints, and Sleep Problems Syndromes)
Predictor variables Predictive VariableNeonatal characteristics Behavior Problems              Coefficientsand Temperament at (CBCL½ -5 Syndromes)toddlerhood (ECBQ) B SE B β p
Attention Problems
Birth weight -0.02 0.01 -0.51 0.009
Activity Level (S) 3.30 1.60 0.36 0.05
Aggressive behavior
Positive Anticipation  (S) 3.80 1.20 0.52 0.006
Sociability (S) -3.10 1.60 -0.44 0.02
Emotionally Reactive
Birth weight -0.02 0.01 -0.61 0.001
Impulsivity (S) -4.20 1.30 -0.49 0.005
Anxious/ Depressed
Motor Activation (NA) 3.30 1.55 0.42 0.05
Positive Anticipation (S) 2.41 1.30 0.37 0.08
Somatic Complaints
Motor Activation (NA) 3.25 1.64 0.39 0.06
Cuddliness (EC) -2.20 1.13 -0.37 0.07
Withdrawn
Activity Level (S) 3.70 1.51 0.44 0.02
Sociability (S) -2.75 1.09 -0.45 0.02
Sleep Problems
Birth weight -0.01 0.05 -0.37 0.03
Sociability (S) -3.80 0.98 -0.59 0.001
Note: R2 = variance; B = Coefficient of Regression; SE B = Standard error; β = Standard Coefficient of Regression;
NA = Negative Affect; S = Surgency; EC = Effortful Control.
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were more likely to exhibit externalizing problems,
specifically attention problems, such as being
impulsive and difficulty concentrating and sitting
still. Lower birth weight also predicted internalizing
problems related to emotional reactivity. The
predictive correlations above were statistically
significant independent of the toddler’s
temperament, which evidence the specific impact
of birth weight on behavior problems.
In the current study, the prediction models that
combined birth weight and specific dimensions of
temperament assessed at toddlerhood enhanced the
power of explanation of behavior problems at the
preschool age. We found that lower birth weight
associated with less impulsive temperament was
predictive of emotional reactivity problems at the
preschool age. Lower birth weight and less impulsive
temperament may be related to withdrawn behaviors,
isolation, fear and sadness, which may consequently,
leads children to exhibit emotional problems.
Our data also showed that lower birth weight
in combination with higher activity levels and motor
activation was a predictor of higher total scores in
behavior problems at the preschool age. Moreover,
lower birth weight and temperament characterized
by higher activity levels were predictors of attention
problems. These findings are consistent with the
findings of Blair37 regarding the predictive
correlations between high activity level
temperaments and externalizing behaviors in
preterm toddlers.
We found that lower birth weight combined with
lower inhibitory control and higher positive anticipation
was predictive of externalizing problems. The
temperament dimension of inhibitory control is
included in the effortful control temperament factor,
which is related to one of the most sophisticated
components of self-regulation, cognitive or executive
self-regulation38,39. According to Muris and Ollendick40,
the relationship between the temperament dimension
of inhibitory control and externalizing behavioral
problems has been observed at different ages. The
temperament dimension of positive anticipation is
related to approach and surgency. In our study,
children with lower birth weight, higher levels of
enthusiasm and anticipation facing expected events
and lower ability to inhibit or moderate behavior
according to external demands were more likely to
have externalizing problems. These findings are
consistent with the findings of Gunnar et al.41 regarding
the association between higher levels of surgency and
lower levels of effortful control in the prediction of
higher levels of aggression with peers and peer
rejection during the preschool years. Accordingly, the
role of the surgency factor in the interplay between
risk and protective factors in the children’s
developmental pathway is related to their level of self-
regulation. According to Olson et al.21, children with
high levels of surgency and high levels of self-
regulation are more likely to exhibit good social
competency, while children with high levels of
surgency and low levels of self-regulation are more
likely to exhibit externalizing behavior problems. We
might hypothesize that the level of developmental
self-regulation moderates the effect of a temperament
with high surgency on a child’s behavior.
The findings of the present study showed that
at the toddlerhood, a temperament with lower levels
of sociability in combination with higher levels of
positive anticipation facing expected events was
predictive of aggressive behavior in children born
preterm at preschool age. The temperament with low
levels of seeking and taking pleasure in interactions
with others and with high excitement about expected
pleasurable activities increased the risk of presenting
aggressive behaviors, such as arguing, being cruel to
others, destroying others’ property and fighting.
Moreover, our data showed that low levels of sociability
associated with high levels of motor activation at
toddlerhood accounted for increased withdrawn
behaviors, such as preferring to be alone, refusing to
talk and being shy. The temperament dimension of
sociability is an important variable in the interplay of
risk factors and protection mechanisms in the child
development pathway. According to Wachs42, in a
group of children at risk, lower behavior problems,
better cognitive performance, and social competency
were found in children who had temperament with
high levels of sociability.
Our findings also showed that a temperament
with a high level of motor activation, including
repetitive fine motor movements and fidgeting, and
with a high level of gross-motor activation was
predictive of internalizing behavior problems,
specifically those related to anxiety and depression,
such as feeling guilty, nervous and preoccupied.
Moreover, a temperament with a high level of fine
motor activation in combination with a low level of
cuddliness was predictive in the preschool age of
somatic complaints, such as complaining about
fatigue, pain, nausea, and eye problems. In the
current study that correlate fine motor activation
with internalizing problems are consistent with the
findings on toddlers born full-term43 and on adults44.
Additionally, the fine motor activity was associated
with depressive symptoms44.
The set of findings in the present study
reveals that low birth weight is a risk factor for both
temperament and behavioral vulnerabilities. It is
associated to other adverse factors1, such as high
clinical severity, extended time in the NICU,
prolonged exposure to pain, and early mother-infant
separation, thus representing a biological and
psychosocial risk for psychopathology3.
In conclusion, our findings demonstrate poor
self-regulation of behavioral processes, similar to
previous findings29, adding the contribution to this
processes of temperament dispositional traits. The
high neonatal biological risk, when associated with
individual characteristics, such as temperament with
high levels of both gross and fine motor activation,
high excitement about expected pleasurable
activities and low inhibitory control, increases the
likelihood for the child to exhibit both externalizing
and internalizing behavior problems. To our
knowledge, this is the first study to address the
combined impact of both neonatal characteristics
and temperament assessed at toddlerhood through
Rothbart’s psychobiological approach on behavior
problems of preschool children born preterm. The
results from this study contribute to a better-
developed framework for understanding the
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developmental outcomes of children who are born
preterm, suggesting that premature birth and
specific temperament characteristics may impact
children’s behavior and developmental self-
regulation.
The present study has some limitations: a) It
did not include an assessment of parent-child
interaction and its relationships to neonatal
characteristics, child temperament and behavior
problems. The quality of the child-family and child-
peer interactions is fundamental for enhancing
comprehension of child development, since its
outcomes occur through transactional and
interpersonal processes21,45. Transactional processes
that relate parent-child interactions with self-regulation
are considered key mechanisms for understanding the
genesis of behavior problems21; b) The study had a
small sample size. Nevertheless, our results regarding
neonatal characteristics and behavior problems were
consistent with those in the literature and provide novel
results concerning previously unstudied aspects of
temperament and its relationship to behavior. In
addition, the findings of this sample presents an
ecological validity regarding that they represent the
typical children supported in NICU settings at neonatal
phase. Replication with larger samples will be beneficial
in evaluating the generalization of our results; c)
Children’s temperament and behavior were assessed
through only one informant. Despite concerns over
rater bias, substantial objective validity of parent-report
measures of temperament has been supported46,47.
Parental report allows for measurement of individual
differences both broadly and narrowly, taking
advantage of the caregiver’s extensive amount of
observation46 and the ability of parents to observe their
children in a wide range of situations that are ethically
and logistically impossible to recreate in the
laboratory48.
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Resumo
Introdução: o nascimento prematuro constitui-se em fator de risco para problemas de desenvolvi-
mento e comportamento da criança. Objetivo: verificar se características clínicas neonatais de
recém-nascidos pré-termo, bem como o temperamento avaliado na primeira infância são preditores
de problemas de comportamento durante a fase pré-escolar. Método: vinte e uma crianças nasci-
das pré-termo com muito baixo peso foram avaliadas longitudinalmente em três idades diferentes:
no período neonatal, durante a primeira infância, e na fase pré-escolar. Os prontuários médicos
foram revisados   para avaliar as características clínicas das crianças durante a fase neonatal. As
mães responderam o Early Childhood Behavior Questionnaire para avaliação do temperamento na
primeira infância e o Child Behavior Checklist-1.5-5 para avaliação dos problemas de comporta-
mento das crianças na fase pré-escolar. Resultados: muito baixo peso ao nascimento, associado às
características do temperamento da criança, na primeira infância, foram preditores de problemas
de comportamento na fase pré-escolar, em crianças nascidas pré-termo. Altos níveis de antecipação
positiva, bem como baixos níveis de controle inibitório, aumentaram o risco de as crianças apresen-
tarem problemas de comportamento do tipo externalizantes. Por outro lado, altos níveis de ativação
motora ampla e fina aumentaram o risco de as crianças apresentarem problemas de comportamen-
to do tipo internalizantes. Conclusão: a prematuridade, associada a indicadores do temperamento
com baixa autorregulação, caracterizam-se como condições de múltiplo risco para problemas de
comportamento em crianças na fase pré-escolar.
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